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(1. TSR, INASHEDT 261053 ; 2. i TH A RERE, 1<% 261041)

HE. (B8] RHARITCE LB RHES 4T (novel pedicle screw, NPS) . £ 4i#E 5 HUM24T (traditional pedicle screw,
TPS) . fEGEME S HRIRET+183% 4%  (TPS—transvers link, TPS-T) . & 4HES HRIZET+H /K8 (TPS- bone cement, TPS-C) 44 7]
R [FFiE] RBCGEIEF RIEHE CT 3838, i1 Mimics. UG, Abaqus #FEE ST Lus HEAKIRY 75 IERE 1 43 52 <7
NPS. TPS. TPS-T #l TPS-C [EE#AL, ForilfEni)s . Jaff. ZAAMe . ZA4Ter 6 NG B i, A AU Y 5 Bl
5153 (range of motion, ROM) , WRETFIETIE B AT von Mises N 1o [E5R ] 7EJEM . ZZA Mz a0, NPS AR ROM, 12
T von Mises IV /] . £JIH B 5T von Mises N /] 5 HAR =AM 27 LG FE X (P>0.05), TEAATERRT, NPS 41 ROM, 24T
von Mises IV /1 FIET 18 B it von Mises W 13 B E/NTFHA =41 (P<0.05). TPS Z1H) ROM. #24] von Mises i JJ FI4T3E 8 i von
Mises i 772 B R T HA =4 (P<0.05). TPS-T £H 1 TPS-C 4% ROM FIZ4T von Mises N J1 25 #4524 X (P>0.05),
{H TPS-T 44T T 5 von Mises J J1 & /NT TPS-C 4 (P<0.05), [&5it] 7Elighizshnt, NPS ZH#5% ROM. 24T von Mises
I FIETIE B BT von Mises W I BCHAR =2/, AIREARIRET AR SR
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Finite element analysis on a novel pedicle screw fixation for lumbar spine // ZHAO Xiao—dong', LI Feng’, LIU Da—yong’, MA
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Abstract: [Objective] To compare biomechanical characteristics of a novel pedicle screw (NPS) with the traditional pedicle screw
(TPS) , TPS combined with transvers link (TPS=T) and TPS enhanced by bone cement (TPS-C) by finite element method. [Methods]| The
lumbar CT scan data of volunteers were obtained, and the Lys vertebral body model was established by Mimics, UG and Abaqus software.
On this basis, the NPS, TPS, TDS-T and TDS-C fixation models were established respectively. In 6 degrees of freedom, including flexion,
extension, left and right lateral bending, left and right rotation, the segmental range of motion (ROM) , von Mises stress on the screw and
bone around screw tract were compared among 4 groups. [Results| In terms of flexion, extension, left lateral bending and right bending,
there were no significant differences in ROM, screw von Mises stress and bone von Mises stress between NPS group and the other three
groups (P>0.05) . In terms of left and right rotations, the NPS group had ROM, screw von Mises stress and bone von Mises stress significant-
ly lower than the other three groups (P<0.05) , whereas the TPS group had ROM, screw von Mises stress and bone von Mises stress signifi-
cantly higher than the other three groups (P<0.05) . There was no significant difference in ROM and screw von Mises stress between TPS-T
group and TPS—C group (P>0.05) , but the TPS=T group had bone von Mises stress significantly lower than that in TPS=C group (P<0.05) .
[Conclusion| The NPS has considerably lower ROM, screw von Mises stress and bone von Mises stress than the 3 types of TPS, which
might be facilitated to reduce the screw loosening.

Key words: osteoporosis, lumbar spine, pedicle screw fixation, finite element analysis
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SRR DK TSR AHE S ARBRET . B
WRETR AR . SIS AT TR SEAR T DL R A [ AR
GeitasErE T, BB KRR KRB . H
IKUYEREPE BN S5 KU 5 3G IR T %) B AR B T VR
DU s HE s b 2 R XU ' Sy e PSR A i1 2 W 2
My kA, EHEE AT TR ALEHEME S HRET (nov-
el pedicle screw, NPS) [E @258, HAE[R—HEAK )
WRET 2[RI R ) AT, ARET R IRARSCSON B
HIRS, AR BIEEN A BRoT At ik,
BT NPS [ EHIRL | TPS [FERAY | AL GeHE S HUIRET+
FE%ER:  (TPS—transvers link, TPS-T) [EEMR | (L5
HES ARIZET+ 7K P8 (TPS-bone cement, TPS-C)
SERALA AW 125 i, BETTIE A NPS FEAR A [ E
FABIRYA R

| BRSTE

L1 A = SRR vy
P —%4 60 % g ME R (1=<-2.5),

HEBRIB AL . s S Ao s HEBRIEME RS . Wy
B E IR G RSP B ot ifE, B
AE R E S, AT EHEIRBE CT (Discovery CT750
HD, GE 2~wl, SlE) $H4ili, FRECDICOM #s X K
1%, F8H A Mimics20 (HLFEF, Materialise 2%
Al B BOEBE, XOPRFEHL, HEATAN A X
=i dmd, SEMREMRI A B, JENT L HEAA
JUTHERR o ARAE AR R IR M A T3l e S,
BOE NAWFNE . BRI Lesi il , IR R
AP LRI SRR X AT IR (3R 1) 455
A AN TR R B T3 A AR Y
1.2 P EA BRI A T

iz ] UG10.0 (f&[¥, Siemens PLM Software 2%
wl) BRAFRIVE I N T R GE, IFSE N EE RS
MEPRIEAI AT, 7 NPS [ A | TPS [ 5 15
B TPS-T [ R | TPS-C R (& 1),
1.3 A FRITAERIN Fy7ti

PRS0 A Abaqus 6.14 (JE[E, Dassault 23
Al), BOE Ls FRTBLSE 2 M E ; W LoHEIK S Ls #E
HARAR I ABATLIR, YO HAT LUR AR, TR
THIE . S, M e I AR S, T L
RIS 500 N 3 E 280 A5 PDUE g XA A il 2
fif o X LoMECR ERIEHEN 10 N - m FOFASE, B
AT . R 2 . AAATE s g, eIy
] AR A TR W AT, P RE 7 [ 2 4

FEM#E D1, PUEEES A s AN S s 3 s T .
® 1 ARTEZHMHIRE

kst PPERE: (MPa) WALE (%)
B 12 000 0.3
FARTE 100 0.2
JERAAE 3500 0.3
AR AAR 2000 0.2
TR 25 0.25
PR 42 0.45
i3 1 0.499
FIHE 110 000 0.28
LIEN7KH 7.8 0.30
Nk 10 0.30
R 15 0.30
A 8 0.30
R 10 0.30
ke 3000 0.4

L4 IR bR

FE LoHEMR . BRETZRIA . FTHEH B4 30 4>
TR, 3 T A O 2H R A A s SRS T BT
IE . BRET von Mises N JJ . ETHH i von Mises
g3 A AR E A I 30 UK.
1.5 Hutzeirik

KH SPSS 26.0 B fF (SE[, IBM 2AF]) #HAT4
FSEET, BHRVEMEL 7 s 4256, TUAALIE AR
BRER I 2500, XA 2 55T bR R UCR T LSD
AR PIPI LA . P<0.05 NZERA G FE X,

2 & R

2.1 ARAUERIE

TEAR Rl T, H HEAR A A 9 3% 3l B2 5 SCRik v
() EEAEARSE R T Bl BE R AT LA 1Y, 5 SRARHIR G Hh 1
HERCHY T 2y 1 55 SCHR v REAE TS S FE AR
2.2 IEBhENE

PUZH LAY Be ROM i 45 5 UL 2. NPS 41
ST 55 FL Ay — A BRI S A L A2 A D 32 B B 1)
ROM 2 F 4027 X (P>0.05) ., 18447 ek,
NPS 411 ROM 58/ NFH4 =4 (P<0.05); TPS 4l
B ROM & KT HA =4 (P<0.05); TPS-T £ A
TPS-C dZ[H] ) ROM 2 F T4t = L (P>0.05),
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le 1d
BT PUHFARMBR  1a: NPS LHFARKA  1b: TPS HFABA  1e: TPS-T HF A  1d: TPS-C 2 F AR
*2 MMEZEFXTE ROM MWEBLER (n=30, °, 7+s) SHE
RE& NPS 41 (n=30) TPS 4 (n=30) TPS-T 41 (n=30) TPS-C 41 (n=30) P 1A
i 1.1520.20 1.1620.10 1.1520.19 1.1620.20 0.990
JE 0.90+0.09 0.95+0.09 0.95+0.20 0.88+0.23 0.272
Ao 0.66=0.12 0.67+0.08 0.65+0.09 0.65+0.09 0.650
A 0.58+0.10 0.640.09 0.60+0.11 0.59+0.11 0.122
by 0.4120.05 0.59£0.10 0.49+0.09 0.52+0.09 <0.001
ey d 0.42+0.07 0.58+0.13 0.53+0.09 0.52+0.10 <0.001

2.3 H2ET von Mises v 1l i

DU ZH 455 AR B B2ET von Mises N 7 0 4 B L 3%
3. NPS A5 HApR =AM oA O iz s i iR ET
Y von Mises I J] 22 ¢ RG24 L (P>0.05), T4
FEEE S, NPS ZHIRET Y von Mises I /7 i /N H:
RA (P<0.05); TPS ZHAYERET von Mises IV JJ {25
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KRFHA=ZH (P<0.05); TPS-T 4LHI TPS-C ZHAYIZ
%] von Mises W 1R LG IT#E X (P>0.05),
2.4 ETiEEFT von Mises i JJ 4t

VU LAY (5T 1B B BT von Mises I 7 & 45 2 UL
2 4. NPS IBIR S Hgy = RIRIE R . 2240
iz B ETTE B T von Mises W ) 22 5% o4t 11277 X
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(P>0.05) . TELEATRERERE, NPS 44188 i von Mis-
es W T E/NTHA =4 (P<0.05); TPS ZHY%T18
‘B 0T von Mises W 71 3 KT H A =4 (P<0.05);

TPS-T £H (94T 6 B i von Mises W J1 i & /N T TPS-C
H (P<0.05),

*3 HNFHEZEARIEET von Mises M AMELER (=30, MPa, x+s) SEbE

R NPS 4 (n=30) TPS 2 (n=30) TPS-T 41 (n=30) TPS-C 24 (n=30) P1E
et 96.23+5.58 98.40+4.67 97.83+4.02 97.0745.90 0.384
= 80.60+6.37 82.80+5.16 81.13+5.24 81.33+4.37 0.426
e 114.83+5.49 117.00+5.99 115.60+5.38 116.03+6.33 0.539
A 112.07+5.84 115.00+5.69 113.37+5.67 114.7726.15 0.186
el 76.63+5.72 100.97+6.33 95.93+5.78 97.00%5.56 <0.001
Filie 75.30+5.69 110.13+5.29 98.23+5.61 100.63+7.21 <0.001
x4 MFHEEFRFTEBR von Mises N AMEZER (n=30, MPa, x=s) S

RE NPS 2 (n=30) TPS 41 (n=30) TPS-T 41 (n=30) TPS-C 4 (n=30) PAE
T 7.1720.99 7.57%0.77 7.4020.81 7.5720.97 0.26
JE A 9.27+1.20 9.80+1.42 9.83+0.87 9.57+1.14 0.221
A 8.80+0.76 9.27+1.20 9.03+0.96 9.23+0.77 0.202
A 8.30+0.95 8.57+1.04 8.47+0.86 8.10+0.96 0.255
Lol 7.23+1.22 10.57+0.77 9.23+0.94 9.93+0.83 <0.001
Filie 7.43+1.17 9.83+1.02 8.47+0.94 9.23+0.86 <0.001
JoT N T IR B B - R T AR E o [RIEE AE
39 it ETETRALB SO Ry Je e B R 8, S8 iR T S S AR

B A B BB A T TR, ARG
PR SR ETRA SN . B0 HH AR, , 7 R Y P [T
JERE AR MR dE A AR E 1 RS E AT
WO TIEZ2 % T, TR RIBET S A AR I, il
TR AE T2z | IR T I A RN B A T VA3 in
M RGtaE, HHIURAIR, MR,
MHRET I IR S M MEIARTT 20 2t 2 mm B, 453407 100 48
AP IE 0 KBS 5 e o FEATIESRAL Dy T, fes FH Y
JEIE K JRSRALETIE . B K EsRALETIE A X
B IRP, HE—FpORSEWI A ETIE, RS TETE T
NG HKIE, FRRIRETIr AETE . 55 R
FHER & A B KRR 2 OME S ARIRET, BlJS 7E
Horp i Akl DA PR AR 2] 1 m iR T SRR
Sy e R AR R R s A SRR ET P [
ARG AR ZAL, s E WA R BRI B
T, HEAEFN 19%~65% ", Btz INAA B KIE
PR« FEPE R AR 7

NPS PN [H 5 RGEAEAT AN s ) i 44T,
PR AP B P B R R — AR, ik
P RGN ) 434, Bl R AR T KT ) L

B JE B RE M T A, FRARIEAT A RA S 1 5 NPS
DA T 2R 0 3 2o U % 34 8 TR Y B e R
PE, S HERIAE S AL A QSRR R IAEE, B Rl
BRCE,

FEZRTIBESE T, 2825 A BABLELIZ 32 G % g
HERB AL, I Z RS S RIRETHIEXT L, 25
JNPS i d Kk i (1173.24+244.57) N, i
TPS W dc KK T8 (705.23+264.09) N, Z5HA
Giit# 7 X (P<0.05) o IF WA R 2 T R Rz o R e mT
AR R B RGBT T, B AR O i
HEAREAIRET)

WE A 1) A= ) 1 2458 B 28RS NPS N B3 R 4
FIE 0% [ AV Wi MG ME A 52 O PR AT A B . B A A
Fo g A BT — 2L 2 NPS N [ E R 4E
TERE B bG8 AT PR AR BRET P gl . B8 Hh 55 Tl (9 i
(B BEIERT T LAYE eSS 12 ShAst b N 858 R g defib o
SRIK AR e M, MIAERTE . 5. 24 MR iz 3h
A P [ 52 RGERIVERR B ™ FEARIFSEH, NPS
HBIRITERTJE . 5l 224 0 32 SR 93 3l
LT von Mises W 7 . £T1E B & von Mises v 11 5H.4>
=M ZER TG L (P>0.05); 1ELEA ez
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S, NPS HBRIGNE . 12T von Mises W JJ |
ETIEH T von Mises W JJ/NFHAR =4, ZRAGI
S (P<0.05)

TERHE ARG RINIE S, A E RS HEIR
AR T RE BT, iR E R T, (EACm
[E] {14 137 g B rh 2 BN [T E RGNS . NPS ZH A
RUTE e i1z Sl (1 1% 21 BE AR ET von Mises L J1/NT
HR=4 (P<0.05). HILHEN, 7EHER: iz oI i %
FE5PIIRETTE B — OB 2580 o] LI FAR T B H A
BORMBREIERT, 42 TR IE AR e v TRl
BEEAT AT AP AL N [ RGERY N 4341, I8 IR AT
JFsZ 003, BEARIRET By RA B % . TE 22 A e % iz Bl
if, NPS 4B LAY G B 24 TPS-T 41/ (P<0.05),
U B BUR 2 1 0 e 2 A P B 32 TP T B i
R, 3% Kuklo Y (45 R —2 . WRSR[E & W LIy T
ARATBARE IR TR e, 4ERFIRRCR ,
A ARG R, (H [E] 2 8 iR N ) 5 iR
N, PECHEMA 32 0 080 | XA AR
A BT B . AR5 BORASfnpR . NPS ZH A [
ERAERMEAL, BERE, FLIG IR T RE#R
PP BT AMAYT , AT — s A B 9/ [ 5 35 B
BB, AH G 7 ROA T i — P RAIE .

BEARTIE S, BT B SR Z AT
E VAL UM RN s V= AT N R Bk = gL
WoBPR, AR R - IR ET NS E , IRETRA SR
B = FEA S v WAL & T s s, 5T
BT A A W N 8, NPS AT R7E4 B3
J7 1] #4 von Mises N1 B /T HAY =41 (P<0.05), it
I NPS I [ 5 2% 4t BE 50 4 1 BRI 5T 18 - 5 BT 32 17
71, BARERETRABI A

ABFFE P IR ET AN AR A R IRET R ET B 5K
K, SRR i THEA PR IRET S
B E RN = MRS, HEVEMEESR, BERAS
SO, BT R B A B, AR
PIZETOIRIMES Y, BB ny ). BTTE
SEE RS, TP AR TR AL, 2 T LPA B ] R
X SER A SR AR, (AT T A A S B SRR A
TE— 5 B 22, (LT SRR A AR X 8 8 78 R 3F 455
t, AR EESHNE.
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